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Abstract 
Innovative ways and hindrance to the metallurgical industry development of Russia are identified in the article. The authors 
lighted the emergency situations dependence on the human and technological factors. Three-level organizational structure of the 
automated management and control system of production of metallurgical enterprises is described in the article. The necessity in 
additional smart information systems for the metallurgical enterprise automated control system to warn emergency situations is 
substantiated by the authors. The interplay structure of Automated Control Systems, Emergency Warning Systems and computer 
information management systems for the metallurgical enterprises is demonstrated in the paper. Functionality of the system and 
the role of its components in the Emergency Warning System (EWS) are defined in the paper. The final analysis of the research 
shows the way of preventing emergency situations efficiency confirmed by the positive results of the experimental studies at the 
joint-stock company " Electrozinc" (Vladikavkaz city). 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-
2015). 
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1. Introduction 
Over the last decades, Russian metallurgical enterprises are the major suppliers of steel products in the world 
market. The main advantage that causes the Russian metallurgical enterprises export success is in the fact that the 
high quality of its products satisfies the world standards requirements. Experts predict high production growth in the 
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Russian metallurgical industry in 2030. The world economy forecast for the following decade assumes two 
scenarios of sustainable rise in production of the Russian metallurgical companies [1]. 
The first scenario is based on the existing enterprises principles and suggests the non-ferrous metals production 
growth in 2030 is able to be increased by 40% [2]. The second scenario involves the metallurgical industry 
innovative development that can make possible to increase the production in 2030 by more than 48%. The second 
scenario is definitely more efficient because it determines the long-term development of the metallurgical industry 
and embraces the industrial sector of economic development programs of the country [7,17]. Such programs follow 
both Russian and international laws in the fields of labour and environmental safety at the metallurgical 
enterprises.  However, there are definitely some challenges on the path of innovative development of the steel 
industry. They are: 
x facilities and equipment wear and tear high percentage; 
x lack of the necessary number of highly skilled specialists; 
x ore composition heterogeneity, etc. 
These factors not only lead to negative economic and technical results but also cause emergencies with serious 
social and environmental aftereffects. 
Thus, one of the key tasks of innovative development of the steel industry is to work out intellectual information 
management systems that improve conditions of labor and environmental safety, both within the enterprise and the 
surrounding areas. 
In this light, the aim of our work is the development of smart information systems for improving the 
metallurgical enterprises enterprise Industrial control system (ICS). 
2. Improvement  of the  metallurgical enterprise Industrial control system( ICS) along  with its functionality 
perfection 
Today, the responsibility for the technological processes management has considerably increased and 
management information systems (MIS) such as SCADA are partially in charge of the production safety. These 
systems, SCADA trace mode v.6 in particular allows them to be  upgraded. This fact in its turn allows us to consider 
it as the most perspective way to manage in complex automated systems due to the possibility of modernization [3, 
14, 15, 16]. 
The study of such systems have shown a tendency to reduce the accident rate at the metallurgical enterprises, 
caused by technical failures and accidents of growth due to the influence of the human factor, as shown in Figure 1. 
 
 
Fig. 1. Dependence of the number of accidents on the human and technological factors. 
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The complicacy of the metallurgical enterprise technological processes management is caused by the large 
amount of equipment, the technological process continuity, the instability of technological parameters, etc. For this 
reason, the decision-making concerning the object management can be seriously hampered and its effectiveness may 
be reduced [4,13,18]. The key role in organizing the three-tier management process (Figure 2) plays the 
administrative level on the basis of the information processed by Management Information System (MIS) at the 
hardware and software level. It should be summarized that the used IMS do not provide personnel with the possible 
ways to get out of the negative situation. It is important that the interaction with the enterprise MIS system is 
performed by the system that  processes the  information from  the very beginning, i.e. from the technological level 
and it provides emergency situations  prevention. 
 
 
Fig. 2. Three-tier organization of the metallurgical enterprise management. 
It is discovered by the authors that the principle of openness bases of SCADA Systems [19,20], allows to 
introduce additional modules without significant human and financial costs, designed to solve the following 
problems: 
x Increase the economic and environmental assessment of the enterprise; 
x Reduction of the environmental costs; 
x Maintenance of the  stable operation of equipment and  chemical composition of raw materials within the 
standards; 
x Safeguarding of the enterprise high rating on a domestic and international markets. 
These tasks are proposed to be solved by the Smart Advanced Warning System (AWS) development and its 
integration into the ICS of the metallurgical enterprise. The generalized structure of the Technological Processes 
ICS and AWS is presented in Figure 3 
During the AWS development process the complex man-machine systems creation experience for other 
industries, including the transport safety and the glass manufacture, was taken into consideration.[8,9,10,11,12 
]. AWS allows to evaluate current production situation and to demonstrate effective solutions connected with the 
impact on the technological situation, including the pre-emergency and emergency ones. 
The developed AWS has smart properties and provides the substantial improvement of the overall automation of 
metallurgical enterprises. 
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Fig. 3. Generalized structure of the metallurgical enterprise Technological Processes ICS and AWS. 
AWS provides several procedures: 
x Formation of the negative situations database and knowledge- base of the enterprise. Obviously, the number of 
negative situations can be great. 
As a result, it is assumed to define more often emerging and potentially negative situations by using the  checklist 
method. The method is   based on the opinion of the expert group proposed by the authors and is discussed in the 
literature [5]. To evaluate the risk of each situation the critical factor is proposed [6].  
x Processing of information on the basis of the AWS units such as: 
x Situation evaluation unit, which is required to determine the  current production situation; 
x Situations classification unit where the situations are subdivided into classes. Each class definitely  or with  some 
priorities determines different ways to impact on the situation; 
x Preliminary decisions processing unit  selects the best of several alternative solutions; 
x Decision selecting unit provides the choice of only one managerial decision to overcome the situation. The AWS 
algorithm and analysis of the individual AWS units are discussed in [4]. 
3. Conclusion (findings) 
Summarizing the results of the studies it should be noted that the proposed AWS processes the technological data 
and then provides authorized personnel with the information. The information is then used to eliminate the negative 
impact of the situation and helps to reduce the number of accidents at the enterprise by 10%. This is proved by the 







 o , ɩɪɢ ( ) 0M t ! ( ) ( )m t M t , then 0 1vAd d ,    (1) 
where m (t) - the number of accidents caused by violations of technological regime in the definite period of time t 
(m (t)  0); M (t) - the total number of negative situations in the same period of time t. 
The obtained results effectiveness is confirmed by the   experimental research carried out ɚt the JSC 
"Electrozinc" (Vladikavkaz). As a result of experimental works in the first half of 2015, the accident rate Av in 
the zinc leaching area was 0.034, it is by 9.8% less than during  the same period of the previous year when AWS 
was not used. 
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AWS provides  the significant economic impact, mainly due to the decrease of emergency situations, reducing 
staff and time for repair and restoration of the management technical facilities. AWS also provides  the improvement 
of the ecology in the areas surrounding the enterprise . 
Obviously,  ICS for metallurgical enterprises  obtaining the functions of  AWS   will be widely used not only  at  
the so called "dangerous industrial enterprises" but  in the transport industry in order  to create new on-board 
systems for  safe  locomotives management  and control. 
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